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IRP Contemporary Issues Technical Conference - WORKSHOP 3
Translating Capacity Expansion Model Results into Efficiency Goals and Programs

12:00 -12:15 p.m. IURC Chairman Huston 
12:15 - 1:15 p.m. Development and use of energy efficiency bundles for use in IRP 

optimization and translating the results to program design. Natalie 
Mims Frick and Tom Eckman (Lawrence Berkeley National 
Laboratory)

1:15 - 1:45 p.m. Questions and comments. Eric Miller (AES Indiana) and Jeffrey 
Huber (GDS)

1:45 – 2:00 p.m. Break

2:00 – 3:30 p.m. Discussion by utility representatives and Citizens Action Coalition 
3:30 – 4:00 p.m. Questions and comments
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Energy Analysis and Environmental Impacts Division

Disclaimer 
This presentation was prepared as an account of work sponsored by the United States Government. 
While this presentation is believed to contain correct information, neither the United States Government 
nor any agency thereof, nor The Regents of the University of California, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof, or The Regents of the University of California. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof, or The Regents of the University of California. 

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer. 

Copyright Notice
This presentation has been authored by an author at Lawrence Berkeley National Laboratory under 
Contract No. DE-AC02-05CH11231 with the U.S. Department of Energy. The U.S. Government retains, 
and the publisher, by accepting the article for publication, acknowledges, that the U.S. Government 
retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published 
form of this manuscript, or allow others to do so, for U.S. Government purposes.
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Agenda

¨ Introduction
¨ Review
¨ Use of gross or net savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for creating efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results
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Energy Analysis and Environmental Impacts Division

Housekeeping

¨ We are recording this session. 

¨ Please remain on mute during the presentations. 

¨ We will monitor questions in the chat box. IURC staff will read your questions or 
ask you to unmute yourself and pose the question yourself. 

¨ Please use your camera if possible when speaking. 
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Berkeley Lab Presenters

Tom Eckman
teckman49@gmail.com
503-803-5047 

Natalie Mims 
Frick 
nfrick@lbl.gov
510-486-7584
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How to Model Efficiency or Other DERs as Resources

¨ Using energy efficiency (EE) or other DERs as a 
selectable resource requires a different process than 
using these resources as a decrement to the load 
forecast. 

¨ Allowing a capacity expansion model (CEM) to select 
EE or other DERs permits optimization between all 
resources (e.g., supply and demand side). 

¨ Over three workshops, we will discuss changes that 
may need to be made to four components of 
planning: load forecasting, resource potential 
assessments, CEMand risk and uncertainty analysis.

¨ Today we focus on translating resource potential 
assessments into supply curves for use in CEMs and 
programs.

Load 
forecasting

Resource 
potential 

assessments

Capacity 
expansion 
modeling

Risk and 
uncertainty 

analysis

Slides and recording from the 
first and second workshop are 
here.

https://www.in.gov/iurc/research-policy-and-planning-division/irp-contemporary-issues-technical-conference/
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Energy Analysis and Environmental Impacts Division

Goal: Efficiency supply curves provide data comparable 
to that needed to model supply side resources

¨ The goal of creating efficiency supply curves is to 
characterize energy efficiency at the same level of 
fidelity and granularity as supply-side resources 
with respect to costs, load profiles, development 
lead times, and maximum annual and cumulative 
availability.

¨ Efficiency supply curves are made up of measure 
bundles or bins. Our presentation today discusses:
¤ Bundle characteristics:

n Cost
n End use and savings load shapes
n Annual and cumulative achievable potential
n Measure life 

¤ Bundle sizing
¤ Options for creating bundles

8

Draft

Source: NWPCC March 2020

https://nwcouncil.app.box.com/s/f7v6uhiw4k8qwp0c7ovzvrqom9o71hre
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Agenda

¨ Introduction
¨ Review
¨ Use of gross or net savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for creating efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results
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Energy Analysis and Environmental Impacts Division

The amount of EE and other DERs are determined in a five step 
process

¨ Step 1 - Estimate Technical Potential on a per application basis (i.e. savings per unit)

¨ Step 2 - Estimate number of applicable units (account for physical limits, retirements, new 
construction, etc.)

¨ Step 3 – Estimate Technical Potential for all applicable units

¨ Step 4 – Estimate Achievable Potential for all realistically achievable units

¨ Step 5 – Estimate Economic Potential for all realistically achievable units by competing EE 
(and other DERs) against supply side resources in CEM*

10
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Energy Analysis and Environmental Impacts Division

Establishing the amount and timing of EE and DR 
development through direct completion

¨ Allows optimization across all resources based on their cost, load 
shape/load following characteristics and risk

¨ Requires CEMs that are capable of accepting “acquisition decision and 
development rules” for EE and other DERs (see details at slides 36-39) 

¨ Is less useful when deterministic (versus probabilistic) capacity 
expansion models or modeling methods are used
¤ Because there’s no uncertainty regarding the “optimum” type, timing and amount of 

resources to develop, so the risk mitigation value of EE and other DERs relative to 
competing resources is not tested

11
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Step 5 – Estimate the economically achievable potential of all 
units - develop inputs to CEM 

12

Maximum Annual and Cumulative Achievable Potential 

Maximum Ramp Rates
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We’re now out of the weeds . . .

13

It’s Time To 
Discuss 
Where We’ve 
Been and 
Where We Go 
Next
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¨ Introduction
¨ Review
¨ Use of gross or net savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for creating efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results
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Treatment of free-ridership in load forecasting

¨ Should gross or net-savings serve as the basis of “supply curves” 
with econometric load forecast?
¤ When econometric load forecast are used, they inherently capture 

historical levels “free-ridership”
¤ When end-use load forecasts are used their calibration with energy 

efficiency potential assessments is intended to capture “common 
practice” consumer choices

¤ Common practice represents the “current market weighted 
average” efficiency, so it includes those consumers who are 
already selecting higher levels of efficiency    

15
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Energy Analysis and Environmental Impacts Division

Econometric load forecasting models

¨ Most appropriate for short to medium term forecasts
¨ Advantages

¤ Based on economic theory of how various factors are expected to affect demand
¤ Moderate data requirements
¤ Produce measures of fit to historical data
¤ May be appropriate components of more sophisticated modeling approaches

¨ Disadvantages
¤ Unsuited for analysis of most energy policy questions (e.g. impacts of future codes and 

standards, electrification, utility programs, carbon programs)
¤ May not reflect structural changes in the economy (e.g. introduction of EVs, bit coin 

mining, electrification policies)
¤ Inability to ensure consistency with energy efficiency potential analysis
¤ Substantial expertise required for reliable model results

16
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Energy Analysis and Environmental Impacts Division

End use load forecasting models

¨ Energy demand is derived from production of energy services
¤ D = A(Units) * B(Efficiency) * C(Utilization)

¨ Most appropriate for long term forecasts and policy analysis especially for 
residential and commercial sectors

¨ Advantages
¤ Explicit about how energy is used and stocks of energy using equipment 
¤ Can evaluate the effect of equipment stock turnover.
¤ Can evaluate energy policies intended to change efficiency of equipment or fuel choice
¤ Permits checking consistency between load forecast and conservation potential analysis

¨ Disadvantages
¤ Heavily data intensive (requires customer survey data)
¤ Expensive to build and operate
¤ Not reflective of human behavior responses, i.e. overoptimization

17
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Alignment of incremental costs with savings

¨ Regardless of whether gross or net savings are included in supply curves, 
their should be an alignment between incremental cost with savings 
assumptions
¤ Gross Savings = Total Incremental Cost
¤ Net Savings = Total Incremental Cost, net of Cost Paid by Free Riders*

18

Free ridership assumes that a consumer will purchase the 
efficiency improvement “in a world” where there were no utility or 
other programs, hence their costs are not “incremental” – That is, 
they’re in the baseline.
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Agenda

¨ Introduction
¨ Review
¨ Use of gross or net savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for creating efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results
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Energy Analysis and Environmental Impacts Division

Measure bundles
¨ Energy efficiency (and other DERs) supply curves are usually represented as the amount 

of resource potential available in discrete “bundles” or “bins.”
¨ Key characteristics of bundles are shape, cost, savings potential and lifetime.

¤ These characteristics support a comparable analysis between supply and demand side measures.

¨ There are many approaches to creating measure bundles. 
¤ Measures can be bundled by sector, end-use, program, measure lifetime, cost or some combination 

of these characteristics.
¤ Utilities currently use a variety of approaches group efficiency measures together into a bundle. 

¨ Generally, bundles that contain a large range of end use shapes and/or costs limit the 
ability of a CEM to select EE resources that “best fit” resource need (e.g., supply capacity 
when most needed, reduce GHG emissions at the lowest cost)
¤ May not have as big of an impact when the costs are very high or very low as compared to other 

resources

20
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Characteristics that are important to capture in bundles

¨ Cost
¨ Load or 

savings 
shape

¨ Measure 
life

¨ Annual and 
cumulative 
achievable 
potential

21

Measure: Heat Pump Water Heater
Item Methods & Sources Note 2021P Updates

Measures Described

Tier 3 HPWH, including split system Tier 1 &2 not included as cost is same as Tier 3, and 
since savings for Tier 3 are higher, levelized cost is 
lower for Tier 3. Thus, this tier would more likely be 
acquired than Tiers1&2 and should be the only one 
considered. Ducted excluded due to extra cost, less 
savings

Split-system

Energy Savings 
Calculation Basis

RTF Residential Heat Pump Water Heater_v4.2

Applicable Stock

Electric WH in SF & MH & low-rise MF. High-rise MF 
in new construction has small applicability given WA 
code provisions, but pretty limited in other states. Split 
system only applicable for MF

Baseline Saturation NEEA 2018 Market Data

Baseline HVAC Loads
SEEM Version 0.98 build May 29 2015

Permutations Tier 3 HPWH and  split system HPWH
Costs Market data

Measure Life DOE TSD
Savings Shape HPWH - ERWH curve

Achievable Ramp Rate

12MED for NC, 5 MED for Existing Due to code options in WA & OR, HPWH are going 
into new homes at a higher rate of adoption than 
existing homes

Max Achievability
85% Although there is a standards play, it seems unlikely 

that it will impact 100% of electric WH, given space 
constraints in existing homes. Carve outs likely

Source: NWPCC Residential heat pump water heater workbook

https://nwcouncil.app.box.com/s/u0dgjxkoxoj2tttym81uka3wrjcy6bo6/file/813370820230
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Efficiency can be acquired at a wide range of costs
¨ Unlike supply side resources energy efficiency (and other DERs) can be acquired 

across a wide range of costs (i.e., EE has a nearly continuous supply curve)
¨ Efficiency supply curves quantify the levels of efficiency that can be obtained at various 

ranges of costs. 

PacifiCorp 2021 IRP efficiency supply curve

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/08-28-2020_PacifiCorp_2021_IRP_PIM.pdf
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Net measure bundle cost 

¨ Costs and benefits used to 
create bundle costs
¤ Should be consistent with 

state/jurisdiction’s cost-effectiveness 
policy/requirements

¤ Should reflect whether gross or net 
savings are used

¤ Should be consistent with the cost 
and benefits considered for 
generation resource options
n Example – If the total incremental 

cost of generating resources are 
used, then the total incremental cost 
of EE should be used

23

NWPC Costs* 
• Capital
• Financing (if any)
• Installation Labor
• Operation and maintenance
• Periodic capital replacement
• Reinstallation cost (for measures with lifetimes 

less than planning period)
• Deferred distribution and transmission costs
• Quantifiable Environmental Benefits (e.g., 

water, natural gas, health)
*Costs are “net” of the value of all 
benefits not captured in the capacity 
expansion model (e.g., deferred T&D)



EN E R G Y TE C H N O L O G I E S AR E A | EN E R G Y AN A L Y S I S A N D EN V I R O N M E N T A L IM P A C T S D I V I S I O N | EL E C T R I C I T Y MA R K E T S & PO L I C Y

Measure shape (1)
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Timing of Peak Savings (i.e., their value) Differs 

24For additional information on the time sensitive value of efficiency, see Mims, Eckman and Goldman or Mims, Eckman and Schwartz. 

https://emp.lbl.gov/publications/time-varying-value-electric-energy
https://emp.lbl.gov/publications/time-varying-value-energy-efficiency
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Measure shape: Residential and Commercial End-Use Load Profiles
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Source: Elaina Present IEPEC

https://www.nrel.gov/buildings/end-use-load-profiles.html
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Measure lifetime informs the technical potential of a measure 
New
• Homes & Commercial 

Buildings
• Equipment
• Appliances

Natural 
Replacement
• Burn-out
• Remodel
• Market Shifts

Retrofit
• Remove & Replace
• Remodel/Add-on 

(insulate existing 
home)

Some measures have more than one “life” within a planning period (e.g. lights, TVs, 
dishwashers). CEM logic and/or supply curve inputs should reflect the potential to “acquire” 
these measure’s savings at multiple times in the planning period.
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Cumulative achievable potential provides the maximum 
quantity of a resource available over a range of costs 

0

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

$0 $10 $20 $30 $40 $50 $60 $70 $80 $90 $100 $110 $120 $130 $140

R
es

ou
rc

e 
Po

te
nt

ia
l (

M
W

H
/y

ea
r)

Real Levelized Cost (2020$/MWh)

Illustrative Residential Water Heating Supply Curve

Technical Potential (aMW) Achievable Potential (aMW)
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Cumulative achievable potential needs to be 
allocated in annual achievable potential segments 
for use in capacity expansion models
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Agenda
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¨ Use of gross or net savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for creating efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results
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Each bundle should have a cost and load shape representative of the 
savings weighted cost and load shape of measures included in the 
bundle.

Vectren 2019-2020 IRP 
used bundles based on 
savings percentage,  
which masks load 
shapes. 

https://midwest.centerpointenergy.com/assets/downloads/planning/irp/2019-2020%20Vectren%20IRP%20-%20Volume%201%20of%202.pdf
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Programs may be represented by either single or multiple bundles, depending 
upon the range of costs and load shapes of the measures in the program

Measure

Interactive 
Incremental 

Savings 
(kWh/yr)

Interactive 
Levelized Cost 

($/MWH)
Share of 
Savings

Achievable 
Potential (Units)

Incremental 
Achievable 
Potential 

(MWH/yr.) Load Shape

Showerhead 139 $                 15 6% 200,000 3,174 DHW

Tank Insulation 112 $                 19 4% 100,000 1,279 DHW

Tank Insulation 143 $                 29 6% 100,000 1,632 DHW

HPWH 1,854 $                 35 73% 85,000 17,990 HPWH

Clothes Washer 37 $                 95 1% 98,000 414 CW

Dishwasher 14 $              103 1% 98,000 157 DW

Waste Water Heat Recovery 162 $              175 6% 50,000 925 DHW

Dishwasher 19 $              199 1% 98,000 213 DW

Clothes Washer 43 $              302 2% 98,000 481 CW

Total Program 2,523 $                 49 100% 26,263 
30
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Programs may be represented by either single or multiple bundles, depending 
upon the range of costs and load shapes of the measures in the program

31

Measure

Interactive 
Incremental 

Savings 
(kWh/yr)

Levelized Cost 
($/MWH)

Share of 
Program 
Savings

Achievable 
Potential 

(Units)

Incremental 
Achievable 
Potential 

(MWH/yr.)
Load 

Shape
Showerhead 139 $15 21% 200,000 3,174 DHW
Tank Insulation 112 $19 17% 100,000 1,279 DHW
Tank Insulation 143 $29 21% 100,000 1,632 DHW
Clothes Washer 37 $95 6% 98,000 414 CW
Dishwasher 14 $103 2% 98,000 157 DW

Waste Water Heat Recovery 162 $175 24% 50,000 925 DHW
Dishwasher 19 $199 3% 98,000 213 DW
Clothes Washer 43 $302 6% 98,000 481 CW

Non-HPWH Program 669 $                 87 8,273 
HPWH Program 1,854 $                 35 17,990 
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Program bundles may mask costs and/or load shapes
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32

Program bundles 
provide different peak 
benefits
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Use of program 
bundles, while 
permitting the most 
direct translation 
for implementation 
also masks which 
measures have load 
shapes that best 
meet resource 
needs (1)

PacifiCorp July 2020

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/07-30-31-2020_PacifiCorp_2021_IRP_PIM.pdf
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Use of program 
bundles, while 
permitting the 
most direct 
translation for 
implementation 
also masks which 
measures have 
load shapes that 
best meet 
resource needs 
(2)

PacifiCorp July 2020

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/07-30-31-2020_PacifiCorp_2021_IRP_PIM.pdf
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Number of bundles used to represent efficiency is 
likely constrained by model run time (1)

¨ More bundles present more “optimization” combinations to test.

¨ To reduce the number of bundles, all measures that have a levelized cost 
per kilowatt-hour below the present value of system lambda* for their load 
shape can be combined into an individual cost bundle for each load shape.
¤ This approach assumes that a CEM will always “acquire” all energy efficiency that has 

a cost below the present value of its annual energy savings based on “system 
lambda.”

35

System lambda = the dispatch cost of the "marginal generator" (the 
plant used to meet the last MWh of demand for each hour)
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Number of bundles 
used to represent 
efficiency is likely 
constrained by 
model run time (2)

PacifiCorp October 2020

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp_2021_IRP_PIM_October_22_2020.pdf
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Acquisition rules for the pace of acquisition
¨ Maximum Retrofit Pace Constraint:  

¤ Resource optimization models will “build” (i.e., replace all existing lamps in a single 
year) all retrofit EE and other DERs with cost below the marginal dispatch of existing 
generating resources at first opportunity – unless constrained

¤ Real-world infrastructure limits maximum annual retrofit development constraints on 
the annual acquisition of retrofit EE and DERs must be set in the model. Limits may 
be grown through time or fixed for 20-yrs (i.e., assumes delivery infrastructure never 
expands)

¨ Lost Opportunity “Found Again” Acquisition Logic
¤ Some lost-opportunity resources present more than one acquisition “opportunity” (e.g. 

water heaters are replaced on average every 12 years)
¤ Due either to their high cost or, more likely constraints on their maximum achievable 

ramp rate these resource might not be selected when they first occur 
¤ Acquisition logic should permit savings that is not “acquired” at the first opportunity, 

be considered for acquisition at next opportunity, if it occurs within planning period.
37



EN E R G Y TE C H N O L O G I E S AR E A | EN E R G Y AN A L Y S I S A N D EN V I R O N M E N T A L IM P A C T S D I V I S I O N | EL E C T R I C I T Y MA R K E T S & PO L I C Y

Acquisition rules for low and high cost measures

¨ When efficiency supply curves are organized into “bundles” capacity 
expansion models will “acquire” the lowest to highest cost measures through 
time.
¤ Real world programs (with multiple measures) don’t acquire only the 

lowest cost measures first.
¤ Reviewing CEM results can provide insights on the scope of measures to 

include in programs, which may vary through time.

38
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One option is to create multiple “program-like” cost bundles which meld 
groups of low and higher cost measures with similar load shapes

Source: NWPCC March 2020

https://nwcouncil.app.box.com/s/f7v6uhiw4k8qwp0c7ovzvrqom9o71hre
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Another option is to add acquisition logic to the capacity expansion models 
so that it must select across a range of cost based on a probability 
distribution.
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Agenda

¨ Introduction
¨ Review
¨ Use of gross or net Savings (and cost) in capacity expansion modeling
¨ Key characteristics of efficiency bundles
¨ Considerations for using programs to create efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results

41
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Unless “programs” are explicitly modeled in a CEM, the model’s 
results only provide guidance on the timing and amount of 
efficiency that is cost-effective to develop.

¨ Measure level cost-effectiveness may not be (or need to be) known

Measure

Interactive 
Incremental 

Savings 
(kWh/yr)

Interactive 
Levelized Cost 

($/MWH)
Share of 
Savings

Achievable 
Potential (Units)

Incremental 
Achievable 
Potential 

(MWH/yr.) Load Shape
Showerhead 139 $                 15 6% 200,000 3,174 DHW
Tank Insulation 112 $                 19 4% 100,000 1,279 DHW
Tank Insulation 143 $                 29 6% 100,000 1,632 DHW
HPWH 1,854 $                 35 73% 85,000 17,990 HPWH
Clothes Washer 37 $                 95 1% 98,000 414 CW
Dishwasher 14 $              103 1% 98,000 157 DW
Waste Water Heat Recovery 162 $              175 6% 50,000 925 DHW
Dishwasher 19 $              199 1% 98,000 213 DW
Clothes Washer 43 $              302 2% 98,000 481 CW
Total Program 2,523 $                 49 100% 26,263 
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Bundles (whether grouped by costs or load shapes) 
selected for acquisition by the CEM may not include 
measures from all sectors or may be “disproportionately” 
represented by one sector.

Source: Georgia Power 2021

http://psc.ga.gov/search/facts-document/?documentId=185485


EN E R G Y TE C H N O L O G I E S AR E A | EN E R G Y AN A L Y S I S A N D EN V I R O N M E N T A L IM P A C T S D I V I S I O N | EL E C T R I C I T Y MA R K E T S & PO L I C Y 44

CEM results can be used as a proxy for the “avoided 
cost” by load shape.

¨ Cost-effective 
programs can be 
designed by 
selecting measures 
with load shapes 
and costs that were 
selected for 
acquisition by the 
CEM.

Source: NWPCC March 2020

https://nwcouncil.app.box.com/s/f7v6uhiw4k8qwp0c7ovzvrqom9o71hre
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Agenda

¨ Introduction
¨ Review
¨ Something about freeridership
¨ Key characteristics of efficiency bundles
¨ Considerations for using programs to create efficiency bundles
¨ Considerations for translating IRP results into efficiency programs
¨ Examples of bundling approach results

45
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Different 
bundling 
approaches 
result in 
different 
quantities of 
efficiency 
available to, 
and selected 
by the model

PacifiCorp January 2021

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp%202021%20IRP_PIM_January%2029%202021.pdf
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Bundling improvement opportunity

“There are a 
range of capacity 
values 
embedded within 
each LCOE 
bundle – an 
opportunity for a 
more targeted 
approach.” 

PacifiCorp January 2021

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/PacifiCorp%202021%20IRP_PIM_January%2029%202021.pdf
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Use cost as primary metric to create bundles…

48
Source: Georgia Power 2021

http://psc.ga.gov/search/facts-document/?documentId=185485
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…Or load shapes? 

49
Source: Georgia Power 2021

http://psc.ga.gov/search/facts-document/?documentId=185485
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Questions?
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Appendix
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Ramp rates influence bundle cost and 
timing of the savings available.

Lost Opportunity 
3Slow adoption 
rate

Retrofit 3Slow adoption rate

Maximum Ramp Rates

Source: NWPCC Baseline EE Curves 2020, NWPCC 7th Power Plan

https://nwcouncil.app.box.com/s/u0dgjxkoxoj2tttym81uka3wrjcy6bo6/file/656335877044
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¨ Maximum Retrofit Pace 
Constraint:  
¤ Resource optimization models will 

“build”) all retrofit EE and other 
DERs with cost below the marginal 
dispatch of existing generating 
resources at first opportunity –
unless constrained

¤ Real-world infrastructure limits 
maximum annual retrofit 
development constraints on the 
annual acquisition of retrofit EE 
and DERs must be set in the 
model. Limits may be grow through 
time or fixed for 20-yrs (i.e., 
assumes delivery infrastructure 
never expands)

Maximum adoption constraints prevent the model from selecting all low-cost 
resources in the first year
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